The predator-prey relationship of crangonid shrimp Crangon affinis and juvenile Japanese flounder Paralichthys olivaceus was examined under laboratory conditions.
The predator-prey relationship of crangonid shrimp Crangon affinis and juvenile Japanese flounder Paralichthys olivaceus was examined under laboratory conditions.
Visual observation and the carcasses of the juvenile flounder provided an insight to the pred atory process. The shrimp hooked the juvenile flounder with their movable chcla, and devoured in the order of the abdomen, tail, trunk, eyes, and head.
Predation rates: the percentage of flounder lethally attacked by the shrimp per container and numbers of lethally attacked flounder juveniles per shrimp decreased as the size of the flounder increased. These values were greater during dark periods than during light periods. This fact indicates that shrimp are more active and effective predators at night. The daily ration of shrimp was roughly estimated to be 20-25% of their body weight, based on the mean weight of prey con sumed daily per 1g of the predator. The maximum size of flounder susceptible to shrimp predatio n was expected to be larger than 25mm SL. These results suggest that predation pressured by shrimp is considerably heavy on newly-settled Japanese flounder, especially at night.
Recent work in the field of the early life cycle of marine fish suggests that predation is more important to mortality than starvation.1) Pre -dation by the shrimp Crangon crangon has been shown to be singnificant to the mortality of the newly-settled plaice Pleuronectes platessa in the Wadden Sea and the North Sea.2-5) The biology of C. crangon has been studied from various aspects because of its importance in commercial fisheries, particularly in Wadden Sea areas.6) A similar species C. affinis has been reported to be widely distributed around Japan,7) but its biology remains poorly understood.
The habitat of the shrimp overlaps with the nursery areas of the Japanese flounder Paralichthys olivaceusb,8,9) sug gesting that predation by the shrimp on the early phase of juvenile flounder may be a significant factor in mortality.
The objects of this study are to confirm pre dation by the crangonid shrimp C. affinis on the juvenile Japanese flounder P. olivaceus and to examine the size-dependent predator-prey re lationship under laboratory conditions. and the body length and body weight were deter mined. Flounder were completely replaced with new individuals at each count, and survivors and carcasses were preserved in 10% formalin for later analysis. This data allowed calculation of pre dation rates which were defined in this study as follows: the percentage of stocked flounder lethally attacked by the shrimp per container, and the numbers of lethally attacked flounder per one shrimp.
Ten juvenile flounder were sampled randomly from the stock tank of each size class every morn ing, and were preserved in 10% formalin. Later, the standard length (SL), head length (HL), and body weight (BW) of these samples were measured to estimate the relationships between SL and BW, and SL and HL. These relationships allowed an estimation of the original SL and BW of juvenile flounder from the head part of carcasses, and calculation of the weight of consumed prey per 1g of predator.
These experiments were continued for five days from 14th to 19th June. Visual observations and the carcasses of juvenile flounder provided an insight to the predatory process.
Results

Predatory Process
Visual observations indicated that the shrimp lay in wait for the flounder juveniles, or foraged for them, searching with their antennae. When the flounder came within a catchable sphere, the shrimp quickly hooked them with their movable chela (Fig. 2) , and took the prey to the mandible. The shrimp then devoured the prey in the order of the abdomen, tail, (sometimes tail, abdomen), trunk, eyes, and head as shown in Fig. 3 . Many flounder that survived these attacks had fin dam age, as reported also in plaice.5) Most of the shrimp buried themselves in sand during the light periods, but all of them appeared on the sand during the dark periods.
Quantitative Analysis of Predation
The percentage of stocked flounder lethally at tacked by the shrimp per container decreased as the size of the flounder increased (Table 2 ).This trend was appeared for all three predator size classes during both light and dark period Table 3 . Estimated weight of prey P. olivaceus consumed per 1g predator C. affinis under laborato ry conditions a given treatment, the values were greater during the dark period than in the light period, except in small shrimp and large flounder combinations where no lethal attacks occurred during the dark or light periods. Predation on the large-group flounder (24.8mm SL) occurred primarily when combined with the large-group shrimp (unit A) ( Table 2) . In unit D, with medium-group shrimp and large-group flounder, very few fish were eaten per predator, ranging from 0 to 0.1 ind./12h during the light and dark periods. The numbers of lethally attacked prey per predator during dark periods were signi ficantly greater than those during light periods in most units. The ratio of lethally attacked flounder per predator in the dark period to that in the light period decreased as the size of the flounder increased, as in the first percentage index.
The mean weight of prey daily consumed per 1g of predator varied from 0 to 0.235g, but the values were similar (0.201-0.235 g) among units E, F, H, and I irrespective of the size-combination (Table 3) . On the other hand, in units A, B, and C with the large shrimp, the values ranged from 0.104g to 0.188g, and increased as the prey size decreased.
The weight of prey consumed per 1g of predator during the dark period was definite ly higher than that during the light period.
Discussion
Predation rates and estimated weight of the flounder consumed per 1g shrimp were con sistently higher during dark periods than during light periods. This is probably associated with the low visual ability and the resting behavior of the flounder in the dark. Moreover, the facts that C. crangon became active in darkness and that light intensity was the determining factor in its activity have been reported from a laboratory experiment.6) Therefore C. affinis is assumed to be a more active and successful predator on the flounder at low light levels.
The maximum size of flounder susceptible to 
